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I nt I'Od u CﬁOn (Ask a Question)

The DisplayPort TX IP transmits video, and optionally audio, to a DisplayPort sink (monitor) for Microchip
PolarFire® FPGA applications. It adheres to the VESA DisplayPort Standard 1.4a and supports a single video
stream (SST) over 1, 2, or 4 main-link lanes at the standard link rates of 1.62, 2.7, and 5.4 Gbps per lane.

The DisplayPort Tx IP accepts video stream on the input interface (pixel data with a pixel-valid strobe

and aframe-end pulse) along with the Main Stream Attributes (MSA) that describe the timing. The IP then
transmits this data as DisplayPort main-link symbols. Pixel data can be in RGB or YCbCr 4:4:4/4:2:2 (supplied
pre-converted; as the IP does not perform color-space conversion). The IP outputs the per-lane symbols
(dp_lane_data_o/dp_lane_k_o) to the fabric 8B/10B encoder and FPGA transceiver, manages the AUX channel
and Hot-Plug Detect, and is configured and controlled through an AMBA-3 APB slave. The Link Policy Maker and
Stream Policy Maker are implemented in the DisplayPort source software running on the host processor.

In addition to video, the IP can transmit LPCM audio (1-8 channels) in Secondary Data Packets, emit a VSC
Secondary Data Packet for extended colorimetry signaling, and continuously measure the incoming video
timing, frame rate, and audio sample rate. These measurements are reported through read-only registers and
a measurement interrupt, allowing the host to program MSA and audio clock-regeneration values to match the
source. Multi-stream transport (MST) is not supported.

The following figure shows the DisplayPort TX top-level interfaces.

Figure 1. DisplayPort TX Top-Level Block Diagram
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Summary
The following table provides a summary of the DisplayPort Tx IP characteristics.

Table 1. DisplayPort Tx IP Characteristics

[AESEEE s document applies to DisplayPort Tx v2.20.

Supported Device + PolarFire® SoC
Families

+ PolarFire

Supported Tool Flow Requires Libero® SoC v12.0 or later releases.

SIS T < core supports the generation of encrypted RTL for the Verilog version of core with no license.

R Sl DisplayPort TX must be installed to the IP Catalog of Libero® SoC automatically through the update function.
Alternatively, DisplayPort TX could be manually downloaded from the catalog. Once the IP core is installed, it is
configured, generated, and instantiated within SmartDesign for inclusion in the project.

@ MICROCHIP



Table of Contents

INEFOAUCTION ..ttt ettt et et b et b et b et e b et e b et b e e e bt e bt s st neseneneanen 1
L (=) Y =T 1 LU <P P TP PPP 4
2. TESLEA SINK DOVICES ...ttt ettt ettt ettt et a bt e st s R bR et R et b et b e ebesesbenesrenesrenens 5
3. ArCHITECTUIE DESCIIPLION ..ttt sttt ettt et ettt b et bt e bbb st bt s b e st e s et ese b e st saesesbenesbenesbeneebensesen 6
3.1, Video INPUL aNd CIOCK CrOSSING....c.iieuirieirieerieineeteiee ettt et b et be st se b e bt se bt st s b e e be e besenbesesnene 6
3.2.  Pixel Steering and Transfer-UNit PACKING........cccveirieiriiienieeneenetsteese sttt ettt 6
3.3.  Main Stream Attributes and FramiNg.......ccoveieiirinieinieineesiee ettt sttt sttt et sasse s sse s esens 7
3.4, Scrambling and LAne OULPUL....ccueruirieriiieieieieteeeesiesieste st st sttt sttt ettt es s s b s b e sbesbesbesbesbesbenbensensensennen 7
3.5, LINK TrAINMINEG ettt ettt ettt ettt b st b et b e bt b e e b e b e bt e b et e b et eb et ebenbebe st ebenbenennenenee 7
3.6.  AUX Channel and HOt-PIUZ DETECE.......cccvueirieirieirtecrieteteteie ettt sttt ettt sttt st ettt sttt sbenees 7
3.7.  Audio and VSC Secondary Data PaCKets........coceviveririerireinieiiiesereeietsie ettt es s ene st ssenenes 7
3.8, INPUL MEASUIEIMENT. ... ittt ettt sttt et s et e s bt e e s bt e bt saee s bt st e s bt et e sae e s e eneenbesneebeeasesreensesanensesnsenses 8
4, 1P Parameters and INterface SIZNalS........ccoiiiiirieirieirieeesecste ettt ettt ettt b sttt ebe bbbt b et e b e 9
A1, CONTIUIATON  iutiieietetetetet ettt ettt et et et et s aesbesbe s b e et e sbesbe st e b et e sessetensensessensensenaeseesassessessessenss 9
4.2, POITS ittt h bbbt b e bt bbb e b b e b e b e et et et e Rt be e Rt e b e b e sb e e b e b e 9
4.3, TIMHNG DIGBIAMS. i cieieieeeieeeieeteet ettt sttt ettt ettt b e bt ebesbe s b e s b e sbe b e b e b e b et et e st estestebeebesbesbesbesbesbeee 11
D USING TN TPttt ettt b e bbbt b e bR bbbt bbb e et e b st benesbenea 13
5.1, DSIGN FIOW ittt ettt ettt s b e s bbb sttt e e e e et et e st e st e b e s b e s b e s b e b e b b et et et et enaeneens 13
o O o 1=T = Y4 [o] o IO OO U T U STP RO PIPRO PSRRI 14
5.3 NI ACES ottt b e bbbt bbb bbb bt b et bt n e nbens 15
B, TOSTDENCN ..t ettt a et r e 17
6.1, SIMUIGEING The TP ...ttt b ettt b bbb bt e bt s bbb bt st e e st et st e st ebenesbens 17
7. DESIZN GUIAEIINES.c..eetirtirtiterietetetet ettt ettt et s e st e st e st et e st et et et e st e st s se s b e sba st e sbesbe b e s e bensensensensensensesessassessessesbens 20
7.1, ClOCKING QN RESEL...cuiiuiieiiieiirieitrieier ettt sttt ettt ettt et be bt e b et e b st e bt s b e s sbene st esesbenesbenesbenesbenens 20
8. Performance and RESOUICE ULIlIZatiON......cevueuerirerieerieienieenieinieiene ettt sttt bbb s see b e 21
0. REVISION HISTONY..ouitiiiitiiiiiieeeert ettt sttt st b et s e bt e bt e bt e aee s bt e bt s st e b e s b e b e s st e sbeenesae e bt sanesreeanesrnennens 22
MICTOCHIP FPGA SUPPOI. c.ctiietitetiitettteientee ettt ettt sttt sttt b et b et b et e b et e b et e b e b e bt b eb e b ebe b e be b eb et ebesbebesbenesbenebenenee 23
MiICrOCHIP INTOIMALION....ciuiitiriirieteeerere ettt s e st sttt et b e e e e et e e e b e b e s besbesbesbesbe st et et ensensensensensenees 24
TrAARMAIKS. .ttt ettt b sttt st bt st ae et e s et e st et e st e b e st s b e st e b ea e ek et e b et e b et e b et ebe st e bt e b s b ebe s bbb ene st ene e 24
LEEAI NOTICE. ..ttt ettt ettt s b s bt s b s b s b s b s b e be b et et et e st e st e st eat e st e st e st eseebesbesbesbesbesbesbenbensensensen 24
Microchip Devices Code ProteCtion FEAtUIE......cciiiiiriririerinesesieste sttt ettt ettt st st st st st st sbe b ensensensens 24

@ MICROCHIP



1- Key Featu res (Ask a Question)
DisplayPort Tx has the following key features:

Supports Single-Stream Transport (SST) Mode only

Offers Dynamic support for 1, 2, or 4 main-link lanes at 1.62, 2.7, or 5.4 Gbps per lane
Supports 6, 8, 10, 12, or 16 bits per color component

Supports RGB and YCbCr 4:4:4/4:2:2 pixel formats

Supports Enhanced framing with optional HDCP content-protection marker symbols
Supports LPCM audio over Secondary Data Packets, with 1 to 8 channels

Provides VSC Secondary Data Packet for extended colorimetry

Enables Dynamic Resolution and audio sampling rate detection

Limitations
The following features are the limitations in this release:

Multi-Stream Transport (MST)
Display Stream Compression (DSC)
Forward Error Correction (FEC)
DisplayPort Adaptive Sync
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2- TestEd Sink DEViCES (Ask a Question)
The following table lists the tested sink devices.

Table 2-1. Tested Sink Devices

Devices Number of Resolution Tested Color Mode Audio| Audio

Lanes Channels

Unigraf UCD 500 DP 4,2,and 1 1080P 60 FPS, 4k 60 FPS, and 6, 8, 10, RGB, YUV422, Yes 1-8

Analyzer 4k 30 FPS 12,and 16 and YUV444

MSI MAG 274UPF 4,2,and 1 1080P 60 FPS, 4k 60 FPS,and 8 RGB, YUV422, Yes 2
4k 30 FPS and YUV444

BENQ Monitor 4,2,and 1 1080P 60 FPS, 4k 60 FPS,and 8 RGB, YUV422, Yes 2
4k 30 FPS and YUV444

LG 24MP400-B 4,2,and 1 1080P 60 FPS, 4k 60 FPS,and 8 RGB, YUV422, Yes 2
4k 30 FPS and YUV444

Samsung 4,2,and 1 1080P 60 FPS, 4k 60 FPS,and 8 RGB, YUV422, Yes 2

LC24RG50FQWXXL 4k 30 FPS and YUv444

ASUS VG28UQL1TA 4,2,and 1 1080P 60 FPS, 4k 60 FPS,and 8 RGB, YUV422, Yes 2
4k 30 FPS and YUV444

Philips 245C7QJSB 4,2,and 1 1080P 60 FPS, 4k 60 FPS,and 8 RGB, YUV422, Yes 2
4k 30 FPS and YUV444

LG 27UL500-W 4,2,and 1 1080P 60 FPS, 4k 60 FPS,and 8 RGB, YUV422, Yes 2
4k 30 FPS and YUV444

Notes:

+ Interlaced video is not supported.
+ Resolutions with horizontal timing that is not a multiple of 4 pixels are not supported.

+  With the HBR2 link rate (5.4 Gbps/lane), the lane count directly caps the maximum resolution:

- 2lanes - up to 4K@30Hz (requires ~8.91 Gbps; fits within 2x5.4x0.8 = 8.64 Gbps usable
bandwidth)

- 1lane - up to 1080p@60Hz (requires ~3.56 Gbps; fits within 1x5.4x0.8 = 4.32 Gbps usable
bandwidth)
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3. Architecture Description (s auestion)

This section describes how the DisplayPort TX IP turns a video (and optional audio) input into a
DisplayPort main-link stream, block by block. The following figure shows the IP's main functional
blocks and how data flows through them.

Pixels enter on the video input interface and are brought into the DisplayPort link clock domain.
The Pixel Steering and Transfer Unit (TU) Packing stage distributes the active pixels across the
enabled lanes and packs them into the link's transfer units. The Main-Link Framing stage adds
the per-frame main stream attributes and the blanking framing symbols, and the Secondary Data
Packet block inserts audio and VSC information during blanking. The Scrambler and Lane Output
stages then produce the per-lane 8B/10B symbol and control-character pairs that drive the fabric
encoder and FPGA transceiver. Alongside the datapath, the AUX channel, Hot-Plug Detection
(HPD), and Input Measurement blocks handle side-band communication and timing detection.
Every block is configured and observed through the AMBA-3 APB Register Interface.

Figure 3-1. DisplayPort Tx IP Functional Diagram
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3.1. Video Input and Clock Crossing (aska auestion)

The video input interface is sync-free: rather than separate HSYNC/VSYNC signals. Instead, the
image source supplies pixel data (pixel_data_i), a valid strobe for each pixel (pixel_val_i), and a short
frame-end pulse (frame_end_i) asserted during vertical blanking. One, two, or four pixels may be
presented per clock, set by the g_IN_PIXEL_NUM parameter. The IP derives line boundaries from
the pixel-valid strobe and frame boundaries from the frame-end pulse, so it works with any image
source that provides these three signals no line/frame counters or sync timing must be supplied.

The video input runs on vclk_i, while the DisplayPort main link runs on dpclk_i (the link rate + 40).
The input stage carries pixels across this clock-domain boundary, enabling the two interfaces to
function at independent, application-defined frequencies. Pixel data must already be in the selected
color format, as the IP does not perform color-space conversion.

3.2.  Pixel Steering and Transfer-Unit Packing (asz auestion)

The steering stage distributes the incoming active pixels across the enabled main-link lanes and
organizes them into the DisplayPort transfer units (TUs) that carry active video. The data emitted
per line is derived based on the programmed active width, bits per component, and the active
lane count. This allows the IP to support any resolution, including widths that are not a multiple
of the pixel-group size, without per-mode tuning. Both RGB and YCbCr 4:4:4 use the same three-
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component datapath. YCbCr 4:2:2, which packs two components per pixel, is selected using the
ycbcrd22_mode_enable register.

3.3.  Main Stream Attributes and Framing (asa auestion)

During each blanking period, the framing stage inserts the DisplayPort main-link framing symbols
and, once per frame, the MSA packet. MSA provides the sink with information about the active
resolution, total line and frame dimensions, sync widths and polarity, as well as pixel encoding,
colorimetry, and bit depth (MISCO/MISC1). All MSA values are sourced directly from the MSA
registers (0Ox00C0-0x00EC), allowing the host complete control over the transmitted timing. The IP
supports both synchronous and asynchronous clock modes (selected by MISCO bit 0).

The transfer-unit fill and the horizontal and vertical blanking duration's on the link are configured

by the link-timing registers (0xO0F0-0x00FC) based on the chosen resolution and link rate. Enhanced
framing, the blank-start sequence {BS, BF, BF, BS} and the scrambler-reset {SR, BF, BF, SR}
substitution every 512th block, is enabled by the framing-control register and is mandatory for DP
1.2 and later sinks. When content protection is enabled, the blank-start filler symbols are replaced
with HDCP CP marker symbols.

3-4- Scrambling and Lane Output (Ask a Question)

Before transmission, each lane is scrambled with the DisplayPort main-link scrambler (enabled by
the scrambler_enable register and disabled automatically during the appropriate training stages).
The lane-output stage provides the result as per-lane 32-bit symbol words with corresponding 4-bit
control-character flags (dp_lane_data_o/ dp_lane_k_o). This represents four 8B/10B symbols per lane
for each dpclk_icycle, providing the required inputs to the fabric 8B/10B encoder and the FPGA
transceiver. Inter-lane skew insertion (interlane_skew_enable) applies the per-lane offset required
by the DisplayPort standard.

3.5. Link Training (Ask a Question)

The IP generates DisplayPort link-training pattern sequences TPS1 through TPS4, selected through
the training_pattern_mode register (0x0018). The host runs the training sequence, performing clock
recovery with TPS1 (scrambler disabled), followed by channel equalization with TPS2, TPS3, or TPS4
according to the sink's capability. During this process, the host adjusts transceiver drive settings
over the AUX channel until the sink reports symbol lock and inter-lane alignment. Transceiver
signal-integrity parameters and link-rate selection are configured separately, outside this IP.

3.6. AUX Channel and Hot-Plug Detect (asa question)

The AUX channel block transmits request transactions to the sink and receives reply transactions,
supporting both native AUX for DPCD access and 12C-over-AUX for EDID reads. The host provides
every transaction byte through the AUX registers (0x0100-0x012C), while the IP builds and drives the
AUX bitstream and extracts reply bytes for host read-back. The Link Policy Maker and Stream Policy
Maker are implemented in the host's DisplayPort software.

Hot-Plug Detect (HPD) logic monitors the connector and reports connect, disconnect, and HPD-
IRQ events through the interrupt output. On a connect event, the host initiates training; Upon a
disconnect, it stops the stream. An HPD-IRQ indicates a sink status change to be serviced over AUX
channel.

3.7. Audio and VSC Secondary Data Packets (asa question)

When the audio interface is included (g_AUDIO_EN), LPCM audio with 1 to 8 channels is accepted

on the AXI-Stream audio input and carried to the sink in Secondary Data Packets inserted during
blanking. The host programs the audio clock-regeneration values (Maud and Naud) and the CTA-861
sample-rate code, then enables audio transmission. These regeneration values allow the sink to
recover the audio sample clock from the link clock.

When the VSC interface is included (g_VSC_EN), a VSC Secondary Data Packet is used to convey
extended colorimetry information (for example, BT.2020 or HDR signalling). Setting MISC1 bit 6
directs the sink to derive colorimetry from the VSC packet instead of MISCO/MISC1 fields.
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3.8. Input Measurement (asa question)
When the measurement interface is included (g_MEAS_EN), the IP continuously measures the
incoming video, including active pixels and lines per frame, line and frame periods, frame rate,
and (when audio is present) the audio sample rate. The results are reported through the read-only
measurement registers (0x01D4-0x01F4).

A measurement-changed interrupt (interrupt-mask bit 6) signals the host whenever the input timing
changes, allowing the MSA and audio clock-regeneration values to be reprogrammed to match the
source. The reported frame-rate and sample-rate results become valid about one measurement
window (about one second) after a stable input is detected.
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4. IP Parameters and Interface Signals (s«aauestion)
This section discusses the parameters in the DisplayPort Tx GUI configurator and 1/0 signals.

4.1. Configurator (asaaqueston)

The following table lists the description of the configuration parameters used in the hardware
implementation of DisplayPort Tx. These are generic parameters and varied as per the requirement
of the application. The following parameters customize the IP at generation time. Defaults are
shown; set values to match your application.

Table 4-1. Configuration Parameter

INPUT PIXEL NUM 4 Integer 1and4 Number of parallel pixels presented per clock on the video
input interface.

MAX NUMBER OF 4 Integer 1,2,and 4 Maximum number of DisplayPort main-link lanes the IP is built

LANES for.

The active lane count is selected at run time through the
lane_number register.

COLOUR DEPTH 8 Integer 6,8,10,12, and Bits per color component

16
AUDIO ENABLE 1 Boolean 0 and 1 Include the audio interface. Set 0 to omit the audio support.
AUDIO CHANNEL 2 Integer 1-8 Number of LPCM audio channels carried in the audio Secondary
COUNT Data Packet.
DYNAMIC 1 Boolean 0 and 1 Include the input video-timing, frame-rate, and audio sample-
RESOLUTION rate measurement logic for dynamic resolution change set 0 to

omit it.

VIDEO INPUT MODE 0 Integer Oand1 Select the video input interface:

+ 0= Native (VSYNC_| /PIXEL_VAL_I/PIXEL_DATA_I)

* 1 =AXI4-Stream video input (TVALID_VIDEO_] ...
TREADY_VIDEO_O)

Both carry the same pixel formats and run on VCLK_|.

4.2. PortS (Ask a Question)
The following tables list the input and output ports of DisplayPort Tx IP.

Table 4-2. Clocks and Resets

with i)

VCLK_I Input Video input clock. Equal to the pixel clock divided by g_IN_PIXEL_NUM.

VRST_N_| Input 1 Reset synchronous with vclk_i

DPCLK_I Input 1 DisplayPort working clock = link rate + 40 (40.5 MHz at RBR, 67.5 MHz at HBR, 135
MHz at HBR2, 202.5 MHz at HBR3). Must match the negotiated link rate.

DPRST_N_I  Input 1 Reset synchronous with dpclk_i

AUX_CLK_I Input 1 AUX channel clock. Fixed at 100 MHz.

AUX_RST_N_| Input 1 Reset synchronous with aux_clk_i

Table 4-3. APB Register Interface

ey

PCLK_I Input APB register-interface clock

PRST_N_I Input 1 Active-low reset, synchronous with pclk_i

PADDR_I Input 16 APB address bus (byte offset into the register map)
PWRITE_I Input 1 APB write/read select (1 = write)
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Table 4-3. APB Reglster Interface (continued)

o oo

PSEL_I Input APB slave select

PENABLE_| Input 1 APB enable (access phase)
PWDATA_I Input 32 APB write data

PRDATA_O Output 32 APB read data

PREADY_O Output 1 APB ready (transfer complete)
PSLVERR_O Output 2 APB slave error response

Table 4-4. Async Mvid Input

ASYNC_MVID_I Input 24 Mvid value for asynchronous clock mode (synchronous with dpclk_i). Ignored in
synchronous-clock mode (MISCO[0] = 1).

Table 4-5. Interrupt

oo

INT_O Output Active-high interrupt request to the host processor

Table 4-6. Video Input

width @

VSYNC_I Input 1 Vertical-sync input: a pulse (1-10 vclk_i cycles) asserted during vertical
blanking to mark the frame boundary. Synchronous with vclk_i.
Native video input — present when g_VIDEO_AXIS_EN = 0.

PIXEL_VAL_| Input [g_IN_PIXEL_NUM-1:0] Pixel-valid strobe for pixel_data_i. Synchronous with vclk_i.
Native video input — present when g_VIDEO_AXIS_EN = 0.

PIXEL_DATA_l Input [g_PDIN_WID-1:0] Input video pixel data, g_bpc-3-g_IN_PIXEL_NUM bits, synchronous with
vclk_i. With 4 parallel pixels, the first pixel occupies the most-significant
component group. Data must be supplied in the selected color format (the
IP performs no color-space conversion).

Native video input — present when g_VIDEO_AXIS_EN = 0.

Table 4-7. AXI-Stream Video Input

Port Direction| Width Description
(Blts)

TVALID_VIDEO_I  Input AXI4-Stream data valid. A pixel beat transfers when TVALID_VIDEO_| and
TREADY_VIDEO_O are both high. Synchronous with vclk_i.

TDAT_VIDEO_| Input 0 AXI4-Stream pixel data, g_bpc-3-g_IN_PIXEL_NUM bits (g_IN_PIXEL_NUM parallel
pixels).

RGB/YCbCr 4:4:4 carries three components per pixel; YCbCr 4:2:2 carries luma
in the upper half and chroma in the lower half. Supplied pre-converted (the IP
performs no color-space conversion).

TSTRB_VIDEO_| Input 0 Per-pixel qualifier, one bit per parallel pixel, marking which pixels in the beat are
active. Bit 0 corresponds to the first pixel.

TLAST_VIDEO_| Input 1 End-of-line marker, asserted on the last active pixel beat of a video line. Accepted
for AXI4-Stream compliance; line boundaries are derived internally from the pixel
qualifier.

TUSER_VIDEO_| Input 8 Sideband flags.

* Bit0=V_SYNC (frame boundary, the same role as vsync_i)
«  Bit1=H_SYNC

+ Bits 7:2 reserved

TREADY_VIDEO_O Output 1 AXI4-Stream ready. Deasserts as real back pressure when the input FIFO cannot
accept a beat; the source must hold the current beat while it is low.
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Table 4-8. AXI-Stream Audio Input

wisth i)

AUDIO_CLK_I Input Audio master clock (MCLK) for the audio input (for example, 12.288 MHz for 48
kHz)

AUDIO_RST_N_I Input 1 Active-low reset, synchronous with audio_clk_i

AUDIO_TDATA_I Input 24 AXI-Stream audio sample data (24-bit, one channel per beat)

AUDIO_TID_| Input 3 AXI-Stream channel identifier (0..channels-1)

AUDIO_TVALID_I  Input 1 AXI-Stream data valid

AUDIO_TLAST_| Input 1 AXI-Stream last-channel-of-group marker

AUDIO_TREADY_O Output 1 AXI-Stream ready (the IP can accept a beat)

Table 4-9. AUX Channel

oo

HPD_I Input Hot-Plug Detect input from the DisplayPort connector
AUX_TX_EN_O Output 1 AUX channel transmit output-enable

AUX_TX_IO_O Output 1 AUX channel transmit data

AUX_RX_IO_I Input 1 AUX channel receive data

Table 4-10. DisplayPort Lane Output

wih @1

DP_LANE_K_O Output  [4*g_LANE_NUM-1:0] Per-lane control-character (K) indication, synchronous with dpclk_i. 4
bits per lane: [4L+3:4L] for lane L

DP_LANE_DATA_O Output [32*g LANE_NUM-1:0] Per-lane main-link symbol data (4 symbols/cycle), synchronous with
dpclk_i. 32 bits per lane: [32L+31:32L] for lane L

4.3. Timing Diagrams (askaquestion)
This section discusses the timing diagrams of the DisplayPort TX IP.

4.3.1. Native Video Input Interface (askaquestion)

In the native video input (g_VIDEO_AXIS_EN = 0), pixels are presented on pixel_data_i whenever
pixel_val_i is asserted (one bit per parallel pixel). The IP does not require HSYNC/VSYNC signals: a
line is delimited by the pixel-valid strobe, and vsync_i is pulsed during vertical blanking to mark the
frame boundary. The following figure shows the native video input timing with pixel-valid strobe and
vsync pulse.

Figure 4-1. Native Video Input Timing

o [T I
pixel_val_i I I

pixel_data_i | K valid pixels }

vsync_i I

4.3.2. AXl4-Stream Video Input Interface (aska question)
In the AXI4-Stream video input (g_VIDEO_AXIS_EN = 1), a pixel beat is transferred when both
TVALID_VIDEO_I and TREADY_VIDEO_O are high. TDATA_VIDEO_I carries the parallel pixels, while
TSTRB_VIDEO_| qualifies each pixel. The TUSER_VIDEO_I[0] signal is pulsed during vertical blanking to
mark the frame boundary. When TREADY_VIDEO_O is deasserted, the source must hold the current
beat (real backpressure). The following figure shows the AXI4-Stream video input handshake (one
wait beat, then a frame-boundary V-sync).
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Figure 4-2. AXI4-Stream Video Input Handshake

o [T
TVALD VIDEOI | |

TREADY_VIDEO_O | | |
TDATA VIDEO_! | K mo X px1 X e X p3 X pa ) |
TUSER_VIDEO | [ |

Note: A beat where TVALID_VIDEQ_]| is high, but TREADY_VIDEO_O is low is not transferred. In this
case, the source holds TDATA_VIDEO_| until the IP is ready. The TUSER_VIDEO_I[0] signal represents
V-sync.

4.3.3. Main-Link SymbOI Output (Ask a Question)

In each cycle, a lane carries a 32-bit word, which consists of four 8B/10B symbols. Each symbol

is accompanied by a 4-bit per-symbol control-character flag on dp_lane_k_o. After the active-video
words, the IP drives the blank-start word. With enhanced framing, this single word is represented by
the four-symbol {BS, BF, BF, BS} sequence, resulting in dp_lane_k_o = OxF for that one cycle. During
the subsequent blanking period, audio and VSC information is carried in a Secondary Data Packet
(SDP) bracketed by the Secondary-Start (SS) and Secondary-End (SE) control symbols. The following
figure shows the Per-lane main-link output: active-video words, the enhanced-framing blank-start
word, and a Secondary Data Packet inserted during blanking.

Figure 4-3. Per-lane Main-link Output
wio _[__ T T T T T I _1T_ T _T_T_T

dp_lane datao { D0 X D1 X D2 BS BF BF BS sDP header X SDPpayload X SE X BE )
ipnece (XX N XXX

4.3.4. Audio Input Interface (aska question)

When audio is included, LPCM samples are supplied on the AXI-Stream audio input, with one
channel sample per beat. A beat is accepted when both audio_tvalid_i and audio_tready_o are high;
audio_tid_i identifies the channel. When audio_tready_o is deasserted, the source holds the current
sample. The following figure shows the audio input AXI-Stream handshake (two-channel example,
one wait beat).

Figure 4-4. Audio Input AXI-Stream Handshake

ok [ [ [ [ [ [ _T
audio tvalid i | I
adoweadyo [ |__] L
audio_scats [T777K 0 Xm0 X o X m X 2 7]

audiotid i |/////K o X1 X o X1 X 0 ) I
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5- USing the IP (Ask a Question)

In a typical system, the DisplayPort TX IP sits between the application's video pipeline and the
FPGA transceiver. The image source supplies pixels on the video input interface; the IP packs and
frames them into DisplayPort main-link symbols and drives the per-lane symbol and control buses
into the fabric 8B/10B encoder, whose 10-bit output is serialized by the FPGA transceiver onto the
DisplayPort connector's main-link lanes. The host processor configures and controls the IP over
the APB register interface and services its interrupt, running the DisplayPort source software (link
policy, training, and MSA programming). The AUX channel and Hot-Plug Detect connect the IP to
the connector for sideband communication with the sink, and an optional AXI-Stream audio source
supplies LPCM audio for transmission in Secondary Data Packets.

Figure 5-1. Typical DisplayPort TX IP Application

Host Processor
(DisplayPort software)

A

APE Int.o

Video Source/ Piels. o . Symbols 8B/108B Encoder 10-bit FPGA Lanes DisplayPort
DisplayPort TX IP > (per lane) Transceiver Connector

Image Pipeline

A

Ax-Stream audio

AUX channel/Hot-Plug Detect

1. Drive the video input (pixel_data_i, pixel_val_i, and frame_end_i) from the image pipeline,
synchronous with vclk_i.

2. Connect dp_lane_data_o/dp_lane_k_o to the fabric 8B/10B encoder, and the encoder output to
the transceiver transmit lanes.

3. Connect the AUX signals (aux_tx_en_o, aux_tx_io_o, and aux_rx_io_i) and hpd_i to the DisplayPort
connector.

4. Connect the APB slave and int_o to the host processor; optionally, connect the AXI-Stream audio
source to the audio input.

5.1. DESign FIOW (Ask a Question)

The following design flow outlines the steps required to integrate and deploy the DisplayPort TX IP
within a Libero SoC-based design.

1. Add the DisplayPort TX IP from the Libero® SoC IP catalog. Set the configuration parameters
such as lanes,bits per component, pixels, audio, and VSC. Then, generate the core.

2. Connect the APB slave signals (pclk_i, prst_n_i, and the APB bus signals) to the host processor or
fabric APB bus.

3. Connect the clocks and resets: vclk_i (video), dpclk_i (link rate + 40), aux_clk_i (100 MHz), and
audio_clk_i if audio is used.

4. Connect the video input signals (pixel_data_i, pixel_val_i, and frame_end_i) from the image
source, and the audio AXI-Stream input if audio is used.
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7.

Connect dp_lane_data_o/dp_lane_k_o to the fabric 8B/10B encoder and FPGA transceiver
transmit lanes. Also, connect the AUX signals (aux_tx_en_o, aux_tx_io_o, and aux_rx_io_i) and
hpd_i signals to the DisplayPort connector.

Run the DisplayPort source software on the host to handle HPD, link training, MSA
programming, and stream enable as described in the Operation section.

Generate the bitstream and program the device.

5.2. Operation (Ask a Question)

The host drives the IP through the APB register interface in the following order. Each stage is
detailed in the following sections. The following figure shows the operation flow.

Figure 5-2. Bring-up Flow

‘ Detect Sink (HPD) — Read Sink Caps H Train Link H Program MSA ’

Y

‘ Enable Video — Enable Audio ‘

5.2.1. Detecting the Sink (HPD) (Ask a Question)
The IP reports Hot-Plug Detect events through the interrupt and the HPD status register. The

following steps describe how the IP handles Hot-Plug Detect (HPD) events and how software should

respond to them.

AN

On an HPD-connect interrupt (int_statusOx0188, bit 4), a sink is attached and starts link training.

On an HPD-disconnect interrupt (bit 5), the sink is removed and stops the video stream.
On an HPD-IRQ interrupt (bit 3), the sink status changes and re-reads sink DPCD as required.
hpd_status (0x0150) reports the current HPD input state at any time.

5.2.2. Sending an AUX Request (ask a question)

AUX transactions involve exchanging DPCD and 12C-over-AUX data with the sink. For a native write,
perform the following steps:

1.

2.
3.
4

Write each data byte to aux_tx_data (0x010C).
Write the DPCD address to aux_tx_dpcd_address (0x0104).
Write (number of bytes — 1) to aux_tx_length (0x0108).

Write the command word to aux_tx_command (0x0100): byte count in [23:16], length-field-valid
in [8], AUX command in [3:0].

For a native read, skip the data-byte step and set the read command. For 12C-over-AUX, set the
|2C command code in the command word.

5.2.3. Reading an AUX Reply (aska question)
When the AUX-reply interrupt (int_statusbit1) triggers, perform the following steps:

1.
2.
3.

Read aux_rx_reply_len (0x012C) for the reply length.
Read aux_rx_data (0x0124) the specified number of times to collect the reply bytes.

The first byte [7:4] indicates the reply code (AUX ACK, NACK, or DEFER); the remaining bytes
contain the read data.
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5.2.4.

5.2.5.

5.2.6.

5.2.7.

5.2.8.

5.3.

Link Training (Ask a Question)

Train the link after a sink is detected, follow the DisplayPort clock recovery and equalization
sequence. Transceiver signal-integrity and rate settings are configured separately (outside this IP).
To do the link training, perform the following steps:

1. Setthe active lane count in lane_number (0x0008).

2. For clock recovery, write TPS1 to training_pattern_mode (0x0018) with the scrambler disabled
(scrambler_enable 0x0010 = 0). Adjust the drive settings over AUX until clock recovery is
complete.

3. For equalization, write TPS2, TPS3, or TPS4 to training_pattern_mode per the sink's capability
(scrambler disabled for TPS2/TPS3, enabled for TPS4) until equalization, symbol lock, and inter-
lane alignment are complete.

Enabling the Video Stream (ask a question)
After training is complete, perform the following steps:
1. Program the MSA registers (0x00C0-0x00EC) for the video timing and pixel format.

2. Program the link-timing registers—hblank_dpclk/vblank_dpclk/line_dpclk (0xO0FO-0x00F8) and
tu_fill_words (0x00FC) for the resolution and link rate.

3. Enable the scrambler: scrambler_enable (0x0010) = 1.
Enable the stream: video_stream_enable (0x0000) = 1.

Enabling Audio (Optional) (aska question)
To enable the audio, perform the following steps:

1. Program audio_maud (0x01C4) and audio_naud (0x01C8) registers for the audio clock
regeneration.

2. Setthe sample rate code in the audio_sample_freq (0x01CC) register.
3. Enable audio: audio_enable (0x01C0) = 1.

Enabling VSC Colorimetry (Optional) (aska question)
To enable VSC colorimetery, perform the following steps:

1. Program vsc_db16/vsc_db17/vsc_db18 (0x0190-0x0198) with the encoding, dynamic range/bit
depth, and content type.

2. Set MISC1 bit 6 to instruct the sink to use the VSC colorimetry.
3. Enable the packet: vsc_enable (0x018C) = 1.

Reading the Measured Input (Optional) (aska question)

The IP measures the incoming video and audio signals and reports the results for dynamic MSA/
audio setup.

1. Poll meas_status (0x01F0) until VIDEO_VALID and RATE_VALID (and FS_VALID for audio) are set,
or enable the measurement-changed interrupt (int_mask 0x0184, bit 6).

2. Read meas_hactive/meas_vactive (0x01D4/0x01D8) and meas_frame_count (0x01E4) to derive
the resolution and refresh rate.

3. Read meas_fs_count (Ox01E8) for the audio sample rate.

Inte rfa ces (Ask a Question)
The following table lists the interface used.

@ MICROCHIP


https://www.microchip.com/askaquestion?pub_guid=GUID-11F66D97-3709-4172-99FE-FD2BFE57C627&pub_lang=en-US&pub_ver=2&pub_type=User%20Guide&bu=fpga&tpc_guid=GUID-E8526618-05B7-4234-9A95-47A128B97597&cover_title=DisplayPort%20Tx%20User%20Guide&tech_support_link=NA&revision_letter=B&source=PDF&title=Link%20Training
https://www.microchip.com/askaquestion?pub_guid=GUID-11F66D97-3709-4172-99FE-FD2BFE57C627&pub_lang=en-US&pub_ver=2&pub_type=User%20Guide&bu=fpga&tpc_guid=GUID-3AB704AB-58D9-4EAF-9D1B-70E3935DD0A2&cover_title=DisplayPort%20Tx%20User%20Guide&tech_support_link=NA&revision_letter=B&source=PDF&title=Enabling%20the%20Video%20Stream
https://www.microchip.com/askaquestion?pub_guid=GUID-11F66D97-3709-4172-99FE-FD2BFE57C627&pub_lang=en-US&pub_ver=2&pub_type=User%20Guide&bu=fpga&tpc_guid=GUID-3F69229E-573F-44F1-9F61-B7CF9AB2E29F&cover_title=DisplayPort%20Tx%20User%20Guide&tech_support_link=NA&revision_letter=B&source=PDF&title=Enabling%20Audio%20%28Optional%29
https://www.microchip.com/askaquestion?pub_guid=GUID-11F66D97-3709-4172-99FE-FD2BFE57C627&pub_lang=en-US&pub_ver=2&pub_type=User%20Guide&bu=fpga&tpc_guid=GUID-ADE1B8A4-AC85-4F2E-B645-E5BF8E285ACA&cover_title=DisplayPort%20Tx%20User%20Guide&tech_support_link=NA&revision_letter=B&source=PDF&title=Enabling%20VSC%20Colorimetry%20%28Optional%29
https://www.microchip.com/askaquestion?pub_guid=GUID-11F66D97-3709-4172-99FE-FD2BFE57C627&pub_lang=en-US&pub_ver=2&pub_type=User%20Guide&bu=fpga&tpc_guid=GUID-1E47EDAF-B522-4AF1-B27D-3611987D1902&cover_title=DisplayPort%20Tx%20User%20Guide&tech_support_link=NA&revision_letter=B&source=PDF&title=Reading%20the%20Measured%20Input%20%28Optional%29
https://www.microchip.com/askaquestion?pub_guid=GUID-11F66D97-3709-4172-99FE-FD2BFE57C627&pub_lang=en-US&pub_ver=2&pub_type=User%20Guide&bu=fpga&tpc_guid=GUID-BDB3C9B7-CF2D-4346-AE68-B347A48E1DB3&cover_title=DisplayPort%20Tx%20User%20Guide&tech_support_link=NA&revision_letter=B&source=PDF&title=Interfaces

Table 5-1. Interfaces

Proweor [Role e

APB Slave (register access)  Slave interface for configuration, control, and status. Access types are RW/RO/RC.

@ MICROCHIP



6. TestbenCh (Ask a Question)
Testbench is provided to check the functionality of the DisplayPort Tx IP.

6.1. SimUIating the IP (Ask a Question)

A self-checking Verilog testbench and stimulus are provided to verify the IP. The testbench
(DisplayPort_tb.v) drives the IP through the complete bring-up flow over the APB register interface,
including sink hot-plug detection, AUX requests, link training (TPS1 through TPS4), Main Stream
Attribute and link-timing programming, audio set-up, and video-stream enable. It then transmits a
single FHD 1080p60 stream over four lanes at HBR2 (5.4 Gbps/lane) with 2-channel, 48 KHz LPCM
audio for three frames, operating at the IP's nominal clocks.

Because the released core is encrypted, the testbench checks the IP using its output ports only.
The testbench decodes main-link symbols (dp_lane_data_o/dp_lane_k_o), reads the status registers
through APB, and observes the interrupt, AUX, and audio-handshake outputs, printing a pass/fail
summary.

To simulate the core using the testbench, perform the following steps:

Note: The testbench now programs the registers and transmits FHD 1080p60 video with LPCM
audio for three frames, self-checking the IP output ports. The stimulus file set and the import/run
flow below are unchanged.

1. Open the Libero® SoC Catalog tab, expand Solutions-Video, double-click DisplayPort Tx, and
then click OK. The documentation associated with the IP are listed under Documentation. (If
you do not see the Catalog tab, navigate to View > Windows menu and click Catalog to make it
visible.)

Figure 6-1. DisplayPort Tx IP Core in Libero SoC Catalog
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Documentation:

DisplayPort 1P User Guide.pdf

Release notes. txt

Description: Display port transmitter with AP Interface

Market Segment: Aerospace, Automotive, Industrial and Military

1 New cores are available Download them now!
Mezsage ] Design Flow ] Design Hierarchy ] Stimulus Hierarchy Catalog Files HDL Templates
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2. Goto the Files tab, select simulation, and then click Import Files.
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Figure 6-2. Import Files
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3. Importthe tc_videostream.txt, tc_tps.txt, tc_hpd.txt, tc_aux replyand
tc_aux_request files from the following
path: ..\<Project name>\component\Microchip\SolutionCore\dp transmitter\<Disp
layPort Tx IP version>\Stimulus.Toimport a different file, browse the folder that
contains it, and click Open. The imported file is listed under simulation, see the following figure.

Figure 6-3. Imported Files
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4. On the Stimulus Hierarchy tab, right-click the testbench (DisplayPort tb.v), pointto
Simulate Pre- Synth Design, and then click Open Interactively. (If you do not see the Stimulus
Hierarchy tab, navigate to View > Windows menu and click Stimulus Hierarchy to make it
visible.)
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Figure 6-4. Simulating Pre-Synthesis Design
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ModelSim/QuestaSim opens and runs the testbench, which drives three FHD frames at the
IP's real operating clocks. When the run completes, it prints a result summary ending with
DisplayPort_tb: ALLCHECKS PASSED.

Figure 6-5. ModelSim Simulation Window
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Important: If the simulation is interrupted due to the runtime limit specified in
the .do file, use the run -all command to complete the simulation.



7- DESign GUidElines (Ask a Question)

7.1.  Clocking and Reset (asa question)

The video, DisplayPort link, management, APB, and audio interfaces operate on independent clocks.
The dpclk_i must be set to the negotiated link rate divided by 40, and the aux_clk_i must be 100
MHz. The following tables list the clock and reset domains.

Table 7-1. Clock Domains

VCLK_I Application-dependent Video Video input clock. Equal to the pixel clock divided by
g_IN_PIXEL_NUM.
DPCLK_| 40.5/67.5/135/202.5 MHz DP Link DisplayPort working clock = link rate + 40 (40.5 MHz at RBR,

67.5 MHz at HBR, 135 MHz at HBR2, 202.5 MHz at HBR3).
Must match the negotiated link rate

AUX_CLK_I 100 MHz Management  AUX channel clock. Fixed at 100 MHz

PCLK_I User-selected APB APB register-interface clock

AUDIO_CLK_I Audio MCLK (for example, Audio Audio master clock for the audio input (present when audio
12.288 MHz) is included)

Table 7-2. Reset Domains

VRST_N_I Active-low velk_i Reset synchronous with vclk_i
DPRST_N_I Active-low dpclk_i Reset synchronous with dpclk_i
AUX_RST_N_I Active-low aux_clk_i Reset synchronous with aux_clk_i
PRST_N_I Active-low pclk_i Reset synchronous with pclk_i
AUDIO_RST_N_I Active-low audio_clk_i Reset synchronous with audio_clk_i
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8. Performance and Resource Utilization (s«a auestion
The following table lists the device utilization used for DisplayPort Tx. Actual results may vary with
configuration, device, and tool version.

Table 8-1. DisplayPort Tx Utilization

Device Details Viath Block | RAMs | FMAX(MH2)
a OCKS

PolarFire® SoC MPFS250T 23890 14042 200
PolarFire MPF300T 23890 14042 0 12 32 200
Important:

1. The data in this table is captured using typical synthesis and layout settings.
CDR reference clock source was set to Dedicated with other configurator
values unchanged.

2. Clock is constrained to 200 MHz while running the timing analysis to achieve
the performance numbers.
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9. Revision History (saauestion)

The revision history describes the changes that were implemented in the document. The changes
are listed by revision, starting with the most current publication.

Table 9-1. Revision History

B 07/2026 The following is the list of changes in revision B of the document:
* Added Figure 1 in the Introduction section.

+ Added the Tested Sink Devices section.
+ Updated the Architecture Description section.
+ Updated Table 4-1 as per the configuration GUI in the Configurator section.

+ Added Table 4-2, Table 4-3, Table 4-4, Table 4-5, Table 4-6, Table 4-7, Table 4-8,
Table 4-9, and Table 4-10 in the Ports section.

+ Added Native Video Input Interface, AXI4-Stream Video Input Interface, Main-
Link Symbol Output, and Audio Input Interface in the Timing Diagrams section.

+ Added the Clocking and Reset section.

+ Updated Figure 5-1 and information about design flow and its operation in the
Using the IP section.

+ Updated Table 8-1 in the Performance and Resource Utilization section.

A 04/2023 Initial release
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Microchip FPGA Support

Microchip FPGA products group backs its products with various support services, including
Customer Service, Customer Technical Support Center, a website, and worldwide sales offices.
Customers are suggested to visit Microchip online resources prior to contacting support as it is
very likely that their queries have been already answered.

Contact Technical Support Center through the website at www.microchip.com/support. Mention the
FPGA Device Part number, select appropriate case category, and upload design files while creating a
technical support case.

Contact Customer Service for non-technical product support, such as product pricing, product
upgrades, update information, order status, and authorization.

«  From North America, call 800.262.1060
*  From the rest of the world, call 650.318.4460
+ Fax, from anywhere in the world, 650.318.8044
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Microchip Information

Trademarks

The “Microchip” name and logo, the “M" logo, and other names, logos, and brands are registered
and unregistered trademarks of Microchip Technology Incorporated or its affiliates and/or
subsidiaries in the United States and/or other countries (“Microchip Trademarks"). Information
regarding Microchip Trademarks can be found at https://www.microchip.com/en-us/about/legal-
information/microchip-trademarks.

Legal Notice

This publication and the information herein may be used only with Microchip products, including

to design, test, and integrate Microchip products with your application. Use of this information

in any other manner violates these terms. Information regarding device applications is provided
only for your convenience and may be superseded by updates. It is your responsibility to ensure
that your application meets with your specifications. Contact your local Microchip sales office for
additional support or, obtain additional support at www.microchip.com/en-us/support/design-help/
client-support-services.

THIS INFORMATION IS PROVIDED BY MICROCHIP “AS IS”. MICROCHIP MAKES NO REPRESENTATIONS
OR WARRANTIES OF ANY KIND WHETHER EXPRESS OR IMPLIED, WRITTEN OR ORAL, STATUTORY

OR OTHERWISE, RELATED TO THE INFORMATION INCLUDING BUT NOT LIMITED TO ANY IMPLIED
WARRANTIES OF NON-INFRINGEMENT, MERCHANTABILITY, AND FITNESS FOR A PARTICULAR
PURPOSE, OR WARRANTIES RELATED TO ITS CONDITION, QUALITY, OR PERFORMANCE.

IN NO EVENT WILL MICROCHIP BE LIABLE FOR ANY INDIRECT, SPECIAL, PUNITIVE, INCIDENTAL, OR
CONSEQUENTIAL LOSS, DAMAGE, COST, OR EXPENSE OF ANY KIND WHATSOEVER RELATED TO THE
INFORMATION OR ITS USE, HOWEVER CAUSED, EVEN IF MICROCHIP HAS BEEN ADVISED OF THE
POSSIBILITY OR THE DAMAGES ARE FORESEEABLE. TO THE FULLEST EXTENT ALLOWED BY LAW,
MICROCHIP'S TOTAL LIABILITY ON ALL CLAIMS IN ANY WAY RELATED TO THE INFORMATION OR

ITS USE WILL NOT EXCEED THE AMOUNT OF FEES, IF ANY, THAT YOU HAVE PAID DIRECTLY TO
MICROCHIP FOR THE INFORMATION.

Use of Microchip devices in life support and/or safety applications is entirely at the buyer’s risk,

and the buyer agrees to defend, indemnify and hold harmless Microchip from any and all damages,
claims, suits, or expenses resulting from such use. No licenses are conveyed, implicitly or otherwise,
under any Microchip intellectual property rights unless otherwise stated.

Microchip Devices Code Protection Feature
Note the following details of the code protection feature on Microchip products:

+ Microchip products meet the specifications contained in their particular Microchip Data Sheet.

« Microchip believes that its family of products is secure when used in the intended manner, within
operating specifications, and under normal conditions.

« Microchip values and aggressively protects its intellectual property rights. Attempts to breach the
code protection features of Microchip products are strictly prohibited and may violate the Digital
Millennium Copyright Act.

+ Neither Microchip nor any other semiconductor manufacturer can guarantee the security of its
code. Code protection does not mean that we are guaranteeing the product is “unbreakable”.
Code protection is constantly evolving. Microchip is committed to continuously improving the
code protection features of our products.
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